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•  TtM  effect  of  blood  tranefuelone  and  aneathoala  on  host 
response  to  endotoxin  was  evaluated  In  multiple  Lewis  rat  mod¬ 
els.  The  rats  were  randomized  to  receive  A’Sogaloff  Cancer  Insti¬ 
tute  rat  blood,  pentobarbital  sodium,  or  lactated  Rlnger’a  solu¬ 
tion  and,  at  either  2  or  7  days  following  administration  of  these 
agents,  were  challenged  with  Intravenous  endotoxin.  Neither 
blood  transfusions  nor  anesthesia  altered  mortality  when  admin¬ 
istered  2  days  before  endotoxin  challenge.  However,  blood  trane- 
fuslons  administered  7  days  before  endotoxin  challenge  were 
found  to  prolong  survival,  to  prevent  endotoxln-lnduc^  alter¬ 
ations  In  T-lymphocyts  subsets,  and  to  decrease  plasma  tumor 
necrosis  factor  levels.  In  conclusion,  blood  transfusions  appear 
to  depress  Immune  function  In  a  beneficial  manner  in  endotoxin 
shock.  / '' 

(AreHSi^rg.  1991  ;1 26:59-62) 


The  demonstration  of  the  major  blood  groups  by  Landstei- 
ner'  and  others,  as  well  as  the  development  of  safer 
combinations  of  anesthetic  agents,  have  decreased  the  risks 
of  surgery.'  These  two  developments  have  enabled  surgeons 
to  perform  increasingly  complex  surgical  procedures.  How¬ 
ever,  since  the  early  1970s,  there  have  been  a  number  of 

Accepted  for  publication  September 29, 1990. 

From  the  US  Army  Institute  of  Surgical  Research  (Drs  Waymack,  Burleson, 
Mason,  and  Pruitt  and  Mr  Guzman)  and  the  Department  of  Immunoiogy, 
University  of  Texas  Health  Science  Center  (Dr  Fernandes  and  Ms  Cappelli), 
San  Antonio,  Tex. 

Read  before  the  Tenth  Anniversary  Meeting  of  the  Surgical  Infection  Soci¬ 
ety,  Cincinnati,  Ohio,  June  14, 1990. 

The  opinions  or  assertions  contained  herein  are  the  private  views  of  the 
authors  and  not  to  be  construed  as  ofEcial  or  as  reflecting  the  views  of  the 
Department  of  the  Army  or  the  Department  of  Defense. 

Reprint  requests  to  US  Army  Institute  of  Surgicai  Research,  Fort  Sam 
Houston,  San  Antonio,  TX  78234-B012  (Dr  Waymack). 


reports  documenting  the  adverse  effects  of  anesthesia  and 
blood  transfusions  that  had  previously  been  unrecognized. 
Among  these  risks  is  an  impairment  in  immune  function  in  the 
patient  receiving  anesthesi"  or  blood  transfusions.’  * 

We  have  previously  re)  rted  that  both  anesthesia  and 
blood  transfusions  decrease  survival  rates  in  rats  subjected  to 
a  peritonitis  caused  by  E  herichia  colij"  The  goal  of  our 
current  study  was  to  det  mine  if  the  decreased  survival 
rates  were  due  to  alter  ,ions  in  host  response  to  the 
endotoxin. 

MATERIAL  AND  METHODS 
Rats 

A  total  of  226  adult  male  Lewis  rats  weighing  approximately  200  g 
were  used  for  the  endotoxin  phases  of  this  study.  Thirty  male  A’Soga¬ 
loff  Cancer  Institute  (ACI)  ratf  ’ere  used  as  blood  donors.  The  rats 
were  housed  in  individual  stain!  s  steel  hanging  cages  and  given  food 
and  water  ad  libitum  throughou„  the  study.  All  rats  were  observed 
for  1  week  before  entry  into  the  study  to  exclude  the  possibility  of  any 
preexisting  diseases. 

Anaathesla 

Rats  that  were  to  receive  anesthesia  were  given  pentobarbital 
sodium  (36  mg/kg  intraperitoneally  [IP];  Vets  Lab  Limited  Inc, 
Lenexa,  Kan).  The  rats  were  allowed  to  recover  from  anesthesia  by 
breathing  room  air. 

Wansfualons 

The  ACI  rat  donors  were  anesthetized  with  pentobarbital  sodium 
(36  mg/kg  IP)  and  a  celiotomy  was  performed.  Blood  was  withdrawn 
by  vena  cava  puncture  using  a  23-gauge  needle.  The  blood  was  mixed 
at  a  4:1  (vol/vol)  ratio  with  standard  CPDA-1  anticoagulant  and 
stored  at  4'’C  for  30  minutes  before  infusion.  The  transfusions  were 
given  intravenously  at  a  dose  of  1  mL  per  rat,  representing  7%  of 
estimated  blood  volume. 
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Percentage  of  Pan-T  Lymphocytes,  Helper/Inducer,  and  Suppressor/Cytotoxic  T  Lymphocytes  Among  Blood  Mononuclear  Cells* 

Helper/Inducer  Suppressor/Cytotoxlc 

_  Psn-T  Lymphocytes  T  Lymphocytes  T  Lymphocytes 

Tims  From  Therapy  • - ■ - ■  - - ^ - ■  - - " - 


Therapy 

to  Analyele,  d 

No  Endotoxin 

Endotoxin 

No  Endotoxin 

Endotoxin 

No  Endotoxin 

Endotoxin 

Anesthesia 

2 

73.2  ±1.8 

68.5  ±2.2 

57.2  ±2.9 

55.6  ±1.9 

12.6  ±2.4 

8.8  ±0.4 

IVansfuslon 

2 

76.8  ±1.2 

66.4+2.0 

59.3  ±1.4 

55.4  ±1.3 

15.6±1.0 

11.2±0.7 

Saline 

2 

73.2  ±1.8 

68.5±2  2 

58.5±4.2 

54.7  ±2.2 

15.4±1.2 

9.1  ±0.3 

Anesthesia 

7 

71.8±1.7 

63.3±2.1 

60.9  ±2.0 

54.1  ±2.0 

18.4±1.2 

11.4±0.3 

Transfusion 

7 

83.2  ±2.2 

79.0  ±2.0 

67.4  ±2.1 

64.2  ±2.4 

18.3  ±1.0 

9.8  ±0.5 

Saline 

7 

80.9  ±2.2 

60.9  ±1.9 

66.7±2.4 

50.7  ±1.6 

17.3±1.4 

10.3±0.2 

'Values  are  mean  ±  SEM  percent.  P<.0001 ,  analysis  of  variance,  lor  each  subset. 


Controls 

Rats  assigned  to  the  control  group  were  given  3  mL  of  lactated 
Ringer’s  solution  intravenously.  The  threefold  increase  in  the  volume 
of  the  crystalloid  administered  in  the  control  group  was  chosen  since 
it  was  thought  that  this  would  most  closely  approximate  the  intravas¬ 
cular  volume  changes  seen  with  the  use  of  1  mL  of  whole  blood  in  the 
transfusion  group.  Rats  in  the  anesthesia  group  were  also  adminis¬ 
tered  3  mL  of  lactated  Ringer’s  solution. 

Endotoxin 

The  same  E  eoli  strain  previously  utilized  in  documenting  the 
impaired  resistance  to  E  coU  peritonitis  in  rats  given  anesthesia  and 
transfusions  was  used  as  the  endotoxin  source.  This  strain  was  initial¬ 
ly  isolated  from  a  human  infection  at  the  University  of  Minnesota 
Medical  Center,  Minneapolis,  and  had  been  demonstrated  to  cause  a 
lethal  peritoneal  infection  in  rats.  The  E  eoli  culture  was  incubated 
for  18  hours  at  37°C  in  a  standard  trypticase  soy  broth  and  washed 
three  times  in  normal  saline.  The  culture  was  then  placed  in  a  96°C 
water  bath  for  1  hour.  Previous  studies  have  documented  that  this 
results  in  100%  killing  of  the  E  eoli.  Appropriate  dilutions  were  made 
with  normal  saline  to  achieve  a  final  concentration  of  either  1  x  lO*  or 
1 X  lO"*  heat-killed  E  eoli  per  milliliter  of  normal  saline.  The  heat- 
Idlled  E  eoli  were  administered  through  a  26-gauge  needle  into  the 
dorsal  penile  vein  of  the  rat. 

Lymphocyte  Analysis 

For  the  analysis  of  the  effect  of  anesthesia  and  blood  transfu¬ 
sions  on  lymphocyte  function,  120  Lewis  rats  were  divided  into  12 
groups.  One  third  (n=40)  received  pentobarbital  sodium  anesthesia 
(35  mg/kg  IP),  one  third  received  a  1-mL  allogeneic  transfusion  with 
ACI  rat  blood,  and  one  third  received  the  lactated  Ringer’s  solution 
and  served  as  controls.  Half  (n  =  20)  of  each  group  were  sacrificed  2 
days  following  anesthesia  or  transfusion,  and  the  remaining  half  were 
sacrificed  7  days  after  administration  of  these  agents.  Half  (n  =  10)  of 
the  rats  in  each  subgroup  received  1  x  10’  heat-killed  E  eoli  24  hours 
before  sacrifice. 

Twenty-four  hours  after  receiving  the  endotoxin,  the  rats  were 
anesthetized  with  pentobarbital  sodium  (36  mg/kg  IP)  and  a  celitomy 
was  performed.  Blood  was  harvested  by  vena  cava  puncture  and 
analyzed  for  lymphocyte  subsets.  Briefly,  the  lymphocytes  were 
harvested  from  the  blood  by  Ficoll-Hypaque  centrifugation  and 
stained  with  antilymphocyte  monoclonal  preparations,  washed,  and 
reacted  with  affinity-purified,  fluorescein-labeled  goat  anti-mouse 
IgG  as  a  second-step  reagent.  Fluorescein-labeled  cells  were  ana¬ 
lyzed  by  flow  cytometry.  Fbr  each  sample,  6000  cells  were  assayed, 
and  the  percentage  of  cells  labeled  by  the  monoclonal  antibodies 
specific  for  pan-T  lymphocytes  (OX- 19),  helper/inducer  T  lympho¬ 
cytes  (W8/26),  and  suppressor/cytotoxic  T  lymphocytes  (OX-8)  were 
determined.  For  each  sample,  a  negative  control  using  a  monoclonal 
antibody  of  the  same  isotype  (IgGl)  to  human  T  cell  (anti-Leu-2)  was 
run  to  determine  the  cutoffs.  The  positive  cutoff  was  set  at  a  point 
determining  the  upper  2%  or  less  of  background  control  and  the 
number  of  background  control  cells  subtracted  from  each  count. 
Nonlymphoid  cell  contamination  was  assayed  by  analysis  of  forward 
and  light  scatter.  Cells  with  light-scattering  intensities  beyond 
limits  established  for  normal  lymphocytes  were  removed  (gated) 
fh>m  analysis. 


Endotoxin  Mortality 

Ninety  additional  Lewis  rats  were  divided  into  six  groups  of  16. 
Seven  days  before  endotoxin  challenge  with  1  x  lO”  heat-killed  E 
eoli,  one  group  received  pentobarbital  sodium  anesthesia  (36  mg/kg 
IP),  one  group  received  1  mL  of  ACI  rat  blood  intravenously,  and  one 
g^up  received  3  mL  of  lactated  Ringer’s  solution  intravenously.  Two 
days  before  challenge  with  endotoxin,  one  group  received  pentobar¬ 
bital  sodium  anesthesia  (35  mg/kg  IP),  one  group  received  1  mL  of 
ACI  rat  blood  intravenously,  and  one  gi-oup  received  3  mL  of  lactated 
Ringer’s  solution  intravenously.  The  rats  were  observed  for  7  days 
following  endotoxin  challenge  to  determine  mean  survival  times  and 
absolute  survival  rates.  Previous  studies  had  determined  that  no 
further  deaths  occurred  with  this  model  after  7  days.  For  the  calcula¬ 
tion  of  mean  survival  times,  rats  surviving  7  days  were  given  a 
survival  time  of  7  days. 

lUmor  Necrosis  Factor  (TNF)  Production 

Fifteen  Lewis  rats  were  divided  into  three  groups  of  five.  Seven 
days  before  challenge  with  endotoxin,  one  group  received  pentobar¬ 
bital  sodium  anesthesia  (36  mg/kg  IP),  one  group  received  1  mL  of 
ACI  rat  blood,  and  one  group  received  3  mL  of  lactated  Ringer’s 
solution.  Seven  days  after  the  administration  of  these  agents,  the  rats 
were  administered  1  x  10‘“  heat-killed  E  eoli  and  2  hours  later  were 
decapitated.  Blood  was  collected  in  heparinized  tubes  and  plasma  was 
separated  by  centrifugation.  Plasma  was  assayed  for  TNF  levels 
using  the  murine  L-929  fibroblast  cytotoxicity  assay.  Briefly,  5  x  10‘ 
L-929  murine  fibrosarcoma  cells  were  incubated  in  0.20  mL  of  com¬ 
plete  RPMI  solution  with  a  1:60  dilution  of  the  rat’s  plasma.  The 
murine  fibrosarcomas  were  cultured  for  24  hours  at  37°C  in  5%  carbon 
dioxide  and  then  were  examined  to  determine  the  percent  cytotoxic¬ 
ity.  These  values  were  compared  with  standards  run  using  the  same 
fibrosarcoma  and  varjing  concentrations  of  recombinant  mouse 
TNF. 

Statistical  Analysis 

All  data  are  presented  as  mean  ±  SEM.  Comparisons  among 
groups  were  performed  using  analysis  of  variance  (ANOVA),  the 
Student-Newman-Keuls  multiple-range  test,  x^  and  the  generalized 
Wilcoxon-Breslow  test. 

RESULTS 

The  percentages  of  pan-T  lymphocytes  are  given  in  the 
Table.  These  differences  were  statistically  significant 
(P<.0()01,  ANOVA).  The  Student-Newman-Keuls  multiple- 
range  test  revealed  that  the  group  receiving  transfusion  7 
days  before  endotoxin  was  grouped  with  the  groups  not  re¬ 
ceiving  endotoxin. 

The  percentages  of  helper/inducer  T  lymphocytes  among 
blood  mononuclear  cells  are  given  in  the  Table.  These  differ¬ 
ences  were  statistically  significant  (P<.0001,  ANOVA).  The 
Student-Newman-Keuls  multiple-range  test  demonstrated 
that  the  group  receiving  blood  a  week  before  endotoxin  was 
grouped  with  the  non-endotoxin-treated  groups. 

The  percentages  of  suppressor/ cytotoxic  T  lympho¬ 
cytes  among  blood  mononuclear  cells  are  given  in  the  Table. 
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'These  Tlifferences  were  statistically  significant  (P<.0001, 
ANOVA).  The  Student-Newman-Keuls  multiple-range  test 
showed  that  the  12  groups  of  data  fell  into  two  ranges.  The 
first  consisted  of  all  groups  of  rats  that  did  not  receive  endo¬ 
toxin  except  for  those  rats  that  received  anesthesia  2  days 
before  analysis  of  lymphocyte  subsets.  The  second  consisted 
of  all  groups  of  rats  that  received  endotoxin  plus  the  group 
that  did  not  receive  endotoxin  but  did  receive  anesthesia  2 
days  before  lymphocyte  analysis. 

Blood  transfusion  administered  7  days  before  challenge 
with  endotoxin  was  found  to  improve  survival.  The  group  of 
rats  that  received  lactated  Ringer’s  solution  7  days  before 
challenge  with  endotoxin  had  an  80%  mortality.  'Die  group 
receiving  anesthesia  7  days  before  challenge  had  a  40%  mor¬ 
tality,  while  those  rats  administered  blood  transfusions  1 
week  before  challenge  had  a  0%  mortality.  These  differences 
were  statistically  significant  (P<.001,  x*)-  The  mean  survival 
time  in  the  group  given  lactated  Ringer’s  solution  was 
2.20  ±0.64  days.  For  the  anesthesia-treated  group  it  was 
4.87 ±0.72  days,  and  for  the  transfused  ^oup,  7.00 ±0.00 
days.  These  differences  were  statistically  significant 
(P<.0001,  generalized  Wilcoxon-Breslow  test). 

Neither  blood  transfusions  nor  anesthesia  administered  2 
days  before  challenge  with  endotoxin  was  found  to  improve 
survival.  In  the  control  group  that  received  lactated  Ringer’s 
solution  2  days  before  challenge  with  endotoxin,  there  was  an 
86.7%  mortality.  Those  rats  receiving  anesthesia  2  days  be¬ 
fore  challenge  had  an  80%  mortality,  and  those  receiving 
blood  transfusions  2  days  before  challenge  had  a  73.3%  mor¬ 
tality.  These  differences  were  not  statistically  significant. 
The  mean  survival  time  in  the  group  given  lactated  Ringer’s 
solution  was  1,80  ±0.66  days.  For  the  anesthesia-treated 
group  it  was  2.60  ±0.60  days,  and  for  the  transfused  ^up, 
2.73 ±0.69  days.  These  differences  did  not  reach  statistical 
significance. 

The  TNF  level  in  the  plasma  of  the  group  given  lactated 
Ringer’s  solution  was  1.14  ±0.08  x  10*  U/mL.  For  the  anes¬ 
thesia-treated  group  it  was  1.40  ±  0.25  x  10*  U/mL,  and  for 
the  transfused  group,  0.21  ±  0.06  x  10*  U/mL.  These  differ¬ 
ences  were  significant  (P = .  0004). 

COMMENT 

Patients  suffering  traumatic  injuries,  malnutrition,  and 
sepsis  frequently  suffer  varying  degrees  of  immunosuppres¬ 
sion.  Such  immunodeficiency  states  can  predispose  to  poten¬ 
tially  lethal  infectious  complications.®  Patients  who  have  un¬ 
dergone  surgery  may  also  require  anesthesia  and  blood 
transfusions.  These  two  therapeutic  modalities  may  also  sup¬ 
press  immune  function. 

Slade  et  al®  demonstrated  in  normal,  healthy,  living  related 
renal  allograft  donors  that  immune  function  deteriorated  fol¬ 
lowing  the  administration  of  anesthesia.  This  impairment  in 
immune  function  was  broad  in  nature  and  became  apparent 
within  10  minutes  of  the  induction  of  anesthesia. 

Blood  transfusions  have  also  been  demonstrated  to  impair 
immune  function.’  This  impairment  also  appears  to  involve 
multiple  components  of  the  immune  system. 

We  have  previously  evaluated  the  effect  of  blood  transfu¬ 
sions  and  anesthesia  on  resistance  to  bacterial  infections  in 
animal  models.®  These  models  demonstrated  that  blood  trans¬ 
fusions  or  anesthesia  administered  to  healthy  Lewis  rats 
before  E  coli  challenge  significantly  decreased  survival  rates. 
*1110  detrimental  effect  of  transfusions  increased  with  time 
during  the  first  7  days  following  blood  administration.  In 
contrast,  the  effect  of  anesthesia  was  most  apparent  on  the 
day  of  administration  and  decreased  with  time  during  the  first 
week  following  anesthesia  administration. 

Our  current  study  attempted  to  delineate  the  exact  mecha¬ 


nism  of  this  decreased  resistance  to  E  coli  infections.  We 
eraluated  the  effect  of  anesthesia  and  blood  transfusions  on 
the  host  response  to  E  coli  endotoxin.  To  achieve  optimum 
extrapolation  to  our  previous  studies,  we  chose  the  same 
strain  of  E  coli  for  our  endotoxin  model  that  had  been  used  in 
our  prior  studies.  The  E  coli  were  heat  killed  before  adminis¬ 
tration  to  eliminate  any  infective  compone  t  and  thereby 
enable  us  to  evaluate  only  the  endotoxin  component. 

As  in  our  prior  studies,  the  blood  transfusion  effect  was  not 
apparent  at  2  days  following  transfusion.  At  7  days  following 
transfusion,  there  was  a  marked  transfusion  effect  demon¬ 
strated  in  several  of  our  models.  This  included  prevention  of 
the  endotoxin-induced  decrease  in  the  percentage  of  pan-T 
lymphocytes  and  helper/inducer  T  lymphocytes.  In  non-en- 
dotoxin-challenged  rats,  blood  transfusions  failed  to  alter  the 
percentage  of  pan-T  lymphocytes,  helper/inducer  T  lympho¬ 
cytes,  or  suppressor/cytotoxic  T  lymphocytes. 

Since  the  administration  of  blood  transftisions  7  days  before 
endotoxin  challenge  improved  immune  statu.s  as  measured  by 
percentage  of  T-lymphocyte  populations,  it  might  be  expect¬ 
ed  that  it  would  also  improve  host  resistance  to  endotoxin 
challenge.  'This  was  indeed  found  to  be  the  case  in  our  mortal¬ 
ity  studies.  When  blood  transfusions  were  administered  7 
days  before  challenge  with  endotoxin,  both  the  survival  rate 
and  the  mean  survival  time  increased  significantly. 

The  finding  of  a  transfusion  effect  in  the  endotoxin-chal¬ 
lenged  rats  when  the  transfusion  was  given  7  days  before 
endotoxin  challenge  emphasizes  two  previously  established 
principles  of  transfusion  effects.  First,  the  transfusion  effect 
in  both  infectious  and  transplantation  models  increases  with 
time,  at  least  for  the  first  several  days  following  transfusion.* 
Second,  the  t-  sfusion  effect  can  be  altered  by  other  immu¬ 
nologic  manipulations,  in  this  case  the  administration  of 
endotoxin. 

There  would  appear  to  be  a  discrepancy  between  our  cur¬ 
rent  and  previous  findings  in  regard  to  the  effect  of  blood 
transfusions  on  immune  function.  Our  previous  studies 
showed  that  blood  transfusions  suppress  immune  function 
and  decrease  survival  in  infectious  models.  Herein,  we  have 
demonstrated  improved  survival  in  an  endotoxin  model  and 
improved  immune  status  as  measured  by  T-cell  subsets.  This 
discrepancy  may  be  the  result  of  the  fact  that  in  certain 
clinical  conditions,  suppression  of  immune  function  is  benefi¬ 
cial  to  the  host. 

Our  current  study  documented  an  81%  decrease  in  TNF 
levels  in  the  transfused  rats,  which  may  have  been  a  signifi¬ 
cant  factor  in  the  improved  survival  rate  seen  in  the  rats 
transfused  7  days  before  endotoxin  challenge,  since  excessive 
production  of  TNF  by  the  host’s  immune  system  has  been 
reported  to  be  a  major  factor  in  mortality  in  endotoxin  shock.® 
There  is  additional  support  for  this  concept  from  a  report  that 
prostaglandin  E  decreases  production  of  TNF  and  increases 
survival  rate  in  animals  challenged  with  endotoxin,®  and  that 
blood  transfusions  increase  the  rate  of  synthesis  of  prosta¬ 
glandin  E."*‘® 

It  would  therefore  appear  possible  that  the  immunosup¬ 
pressive  blood  transfusion  effect  may  be  detrimental  to  host 
resistance  to  infection  while  at  the  same  time  being  beneficial 
against  the  endotoxin  sequelae  of  such  infections.  In  those 
situations  where  death  is  more  likely  to  result  from  the  infec¬ 
tive  process,  transfusions  could  be  expected  to  increase  mor¬ 
tality,  while  in  those  situations  where  the  endotoxin  compo¬ 
nent  is  more  likely  to  result  in  death,  the  transfusion  might  be 
beneficial  to  survival  rates.  Such  a  possibility  may  explain  the 
discrepancy  in  a  previously  reported  study  in  which  transfu¬ 
sions  improved  survival  in  certain  burned  rat  sepsis  models 
while  decreasing  survival  rates  in  other  burned  rat  sepsis 
models.'* 
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Citations  of  commercial  organizations  and  trade  names  in  this  report  do  not 
constitute  an  ofncial  Department  of  tiie  Army  endorsement  or  approval  of  the 
products  or  services  of  these  organizations. 

Th?  care  of  all  rats  was  in  accordance  with  the  guidelines  set  forth  by  the 
Anima.  Welfare  Act  and  other  federal  statutes  and  regulations  relating  to 
animals  and  studies  involving  animals  and  with  the  Oitidefor  the  Care  and  Use 


Laboratory  Animals.  Bethesda,  Mdt  National  Institutes  of  Health;  {^86.  US 
Dept  of  Health  and  Human  Services  publication  NIH  86-23. 

The  E  coli  strain  used  was  supplied  by  Richard  Simmons,  MD. 

We  are  grateful  to  Christine  C.  Davis  for  editorial  assistance,  Janice  L,  Duke 
for  library  assistance,  and  John  Q.  Hester  for  technical  assistance. 
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OlscuMion 


CHRISTOPHER  C.  BAKER,  MD,  Chapel  Hill,  NC:  This  study  dem¬ 
onstrates  a  decrease  in  helper/inducer  T-cell  Unction  along  with  an 
81%  reduction  in  TNF  level,  which  was  hypothesized  but  not  proved 
to  be  secondary  to  prostaglandin  Ej  production.  Which  strain  of  E  coli 
was  used?  What  other  Unctions  of  T  cells  (eg,  blastogenesis)  and 
macrophage  function  were  measured?  How  can  the  differences  be¬ 
tween  the  results  of  this  study  and  former  studies  be  reconciled? 
What  role  might  monoclonal  antibodies  have  in  this  model? 

Mitchell  Fink,  MD,  Worcester,  Mass:  Was  the  preparation  of 
endotoxin  a  particulate  preparation  of  killed  bacteria  or  a  soluble 
preparation?  Might  the  blood  transfusions  have  contained  endotoxin, 
raising  the  possibility  of  desensitization? 

Mark  Callery,  MD,  St  Louis,  Mo;  Please  speculate  on  the 
possible  changes  in  TH-1  and  TH-2  cells. 

William  Blakemore,  MD,  Birmingham,  La;  Why  did  you  use 
barbiturate  anesthesia,  which  has  been  shown  to  affect  cytochrome 
P-460  and  to  suppress  the  immune  system? 

Timothy  Pruett,  Charlottesville,  Va:  Have  you  done  a  dose- 


response  curve  with  the  amount  of  endotoxin  to  discriminate  lethality 
differences? 

DR  WAYMACK:  The  E  coli  was  obtained  from  Dr  Simmonsf  labora¬ 
tory  several  years  ago.  He  has  previously  shown  impairment  of 
natural  killer  cell  function  but  did  not  have  information  on  other  T-cell 
subsets.  His  group  has  not  done  studies  on  monoclonal  antibodies,  but 
Shelby  in  Utah  has  been  able  to  prevent  the  transfusion  effect  with 
anti-prostaglandin  E,  monoclonal  antibodies. 

The  endotoxin  preparation  was  a  particulate  rather  than  a  purified 
one  to  mimic  clinical  situations.  We  believed  that  the  possibility  of 
endotoxin  contamination  in  the  blood  transfusion  was  low. 

Further  studies  are  needed  to  clarify  the  question  of  the  anesthetic 
affect.  Phenobarbital  anesthesia  was  utilized  because  it  was  safe  in 
the  investigator’s  hands.  No  data  are  available  on  the  T-helper 
subsets. 

Although  dose-response  curves  were  not  done,  we  agree  with  Dr 
Fhniett  that  the  lethality  curve  may  be  shifted  with  blood 
transfusions. 
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